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METHOD FOR OPERATING AN INTERNAL COMBUSTION 
ENGINE OF A MOTOR VEHICLE IN PARTICULAR 

Field Of The Invention 

The present invention is based on a method for operating an internal combustion 
engine of a motor vehicle, in particular, in which the fuel is supplied under a 
pressure to a fuel reservoir and in which the fuel is injected into a combustion 
chamber via a fuel injector. The present invention also relates to a computer 
program, a control device and an internal combustion engine of a corresponding 
type. 

Background Information 

A method is known from internal combustion engines having direct injection, for 
example. 

It is known from such internal combustion engines that the fuel injectors may be 
fouled as a result of the combustion process. This means that deposits form on the 
fuel injectors, especially at the tip of the fuel injectors. These deposited particles 
may interfere with the flow of fuel through the fuel injector. The deposits may 
likewise change the characteristic of the nozzle jet generated by the fuel injector. 
This may all result in reduced combustion quality and thus in greater emission of 
pollutants. 

It is an objective of the present invention to provide a method by which a cleaning of 
the fuel injectors may be carried out. 

Summary Of The Invention 

According to the present invention, this objective is achieved by a method of the type 
mentioned above in that coking of the fuel injector is ascertained and a first 
fuel-pressure increase is implemented when the coking exceeds a threshold value. 
In a computer program or a control device or an internal combustion engine of the 
type mentioned above, this object is achieved accordingly. 
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The fuel-pressure increase acts on possible deposits or the deposited particles in 
such a way that they are detached and thus removed. This constitutes a cleaning of 
the fuel injector. In addition to this removal of existing deposits, the fuel-pressure 
increase also ensures that new deposits are slower to form or do not form at all. 

5 

In an advantageous further development of the present invention, the first 
fuel-pressure increase is carried out for a predefinable period of time. This has the 
effect that the fuel-pressure increase is automatically terminated again. 

10 It is particularly advantageous in this context if the fuel-pressure increase is 

repeated. This provides an additional possibility for cleaning the fuel injectors in 
those cases where the first implementation of the fuel-pressure increase has not 
achieved a complete cleaning. By repeating the fuel-pressure increase multiple 
times, an effective cleaning of the fuel injectors may thus be achieved. 

15 

In an advantageous development of the present invention, the repeat of the first 
fuel-pressure increase is terminated when the coking falls below a threshold value 
and/or when the number of repeats exceeds a threshold value. In both cases it is 
ensured that the fuel-pressure increase is carried out several times, but that it is also 
20 automatically ended again. 

Brief Description Of The Drawings 

Figure 1 shows a schematic representation of an exemplary embodiment of an 
internal combustion engine according to the present invention. 

25 

Figure 2 shows a schematic flow chart of an exemplary embodiment of a method 
according to the present invention for operating the internal combustion engine of 
Figure 1. 

30 Detailed Description 

Figure 1 shows an internal combustion engine 10, which is provided for use in a 
motor vehicle, in particular. Internal combustion engine 10 is a gasoline internal 
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combustion engine having direct injection. However, the present invention described 
in the following may be used in a corresponding manner for a diesel combustion 
engine as well. 

5 Internal combustion engine 10 has a cylinder 1 1 in which a piston 12 is able to be 
moved back and forth. Cylinder 1 1 and piston 12 delimit a combustion chamber 13. 
Connected to combustion chamber 13 is an intake manifold 14, via which air may be 
conveyed to combustion chamber 13. Furthermore, an exhaust pipe 15 via which the 
exhaust gas is able to be discharged from combustion chamber 13 is connected to 
10 combustion chamber 13. Valves 16 are provided to control the air supply and the 
exhaust flow. Furthermore, a fuel injector 17 and a spark plug 18 are assigned to 
combustion chamber 13. Fuel may be injected into combustion chamber 13 via fuel 
injector 17, and the injected fuel is able to be ignited, and thus combusted, in 
combustion chamber 13 with the aid of spark plug 18. 

15 

Fuel injector 17 is connected to a fuel accumulator 20 by means of a high-pressure 
line 19. Fuel accumulator 20 is continuously supplied with fuel under high pressure. 
A fuel-delivery pump and a high-pressure pump are normally provided for this 
purpose. The pressure in fuel accumulator 20 may be controlled and/or regulated to 
20 specified values. To this end, a pressure sensor and a pressure-control valve may 
be assigned to fuel accumulator 20. All cylinders 1 1 of internal combustion engine 
10 are then supplied with fuel from pressure accumulator 20. 

Figure 2 shows a method for operating internal combustion engine 10. This method 
25 is carried out by a control device, which receives input signals from sensors, the 

pressure sensor, for example, and generates the output signals for actuators, such 
as fuel injector 17 or the pressure-control valve, via which internal combustion 
engine 10 may be controlled. The control device is designed such that it is able to 
execute the method described in the following. To this end, the control device may 
30 be configured as analog circuit technology and/or as a digital processor having a 

memory. In the latter case, a computer program is provided, which is programmed in 
such a way that the described method is implemented with the aid of the computer 
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program. 

The method assumes that a measure is available for the coking of fuel injector 17, 
this measure for the coking being called coking MV in the following. Furthermore, it 
5 is assumed that coking MV is present as percent information and in a value range of 
Oto 100%. 

The measure for the coking may be determined, for example, by a counter being 
provided, which counts and adds up coking-critical operating points of internal 

10 combustion engine 10, so as to generate and provide coking MV as a function 
thereof. As an alternative or in addition, it is possible to infer coking MV from a 
measured or determined lambda deviation. It is understood that coking MV may also 
be ascertained in some other manner, possibly also with the aid of sensors and/or 
models. It is likewise understood that coking MV may also have different value 

15 ranges. 

The method of Figure 2 provides three threshold values, S1, S2 and S3. First 
threshold value S1 is smaller than second threshold value S2, and second threshold 
value S2 is smaller than third threshold value S3. Threshold value S1 is 3%, for 
20 example, threshold value S2 is 6%, for instance, and threshold value S3 is 15%, for 
example. 

According to Figure 2, it is ascertained in a step 21 whether coking MV is greater 
than threshold value S2. If this is not the case, that is to say, coking is less than 6%, 
25 for instance, no further measures are taken. 

However, if coking MV is greater than threshold value S2, a counter n is set to zero 
in a step 22. Subsequently, in a step 23, the pressure in fuel accumulator 20 is 
increased by a value DKP1. The afore-mentioned first fuel-pressure increase DKP1 
30 is determined as a function of the instantaneous operating point BP of internal 
combustion engine 10. This fuel-pressure increase DKP1 is maintained for a 
predefinable time period t1. After time period t1 has elapsed, fuel-pressure increase 
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DKP1 is terminated, so that the pressure in fuel accumulator 20 assumes its normal 
values again. 

In a subsequent step 24, counter n is incremented. Counter n thus indicates the 
5 number of implemented or repeated fuel-pressure increases DKP1 . 

The described fuel-pressure increase DKP1 for time period t1 may have the result 
that coking of fuel injector 17 is partially or even completely removed. This follows 
from the fact that the increased pressure exerted on the fuel is mechanically acting 
10 on particles that have deposited on fuel injector 17. This mechanical action may 
detach the particles and thereby reduce the coking. 

In a step 25, it is ascertained whether coking MV is smaller than threshold value S1 , 
that is to say, smaller than 3%, for example. If this is the case, fuel-pressure 
15 increase DKP1 has achieved a reduction of coking MV. In this case the method is 
continued with step 21 . 

However, if coking MV is not smaller than threshold value S1 , it is ascertained in a 
step 26 whether counter n is greater than a predefinable threshold value n1 . If 

20 threshold value n1 has not been reached yet, the method continues with steps 23, 
24 and 25. This means that a new fuel-pressure increase DKP1 is carried out for 
time period t1 and counter n is incremented. Furthermore, provided coking MV is not 
less than threshold value S1, the described loop continues to be run through again 
until counter n has reached threshold value n1 . That is to say, a renewed 

25 fuel-pressure increase DKP1 is implemented for time period t1 until the point is 

reached where either coking MV is less than threshold value S1 , namely less than 
3%, for instance, or until counter n is greater than threshold value n1 . 

In the first case, as already mentioned, the method is continued with step 21. In the 
30 second case, that is, when coking MV has not become less than threshold value S1 
and counter n has reached threshold value n1, the method is continued with a step 
27. In this second case, even multiple repeats of fuel-pressure increase DKP1 have 
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failed to achieve a reduction of coking MV to below threshold value S1 . 

In step 27 it is checked whether a second fuel-pressure increase DKP2 is activated. 
It should be stated in this context that fuel-pressure increase DKP2 may be smaller 
5 or greater than fuel-pressure increase DKP1 , and that it is ascertained as a function 
of instantaneous operating point BP of internal combustion engine 10. In contrast to 
fuel-pressure increase DKP1 which, as mentioned, is always carried out for time 
period t1 only, fuel-pressure increase DKP2 is either activated or deactivated. If 
fuel-pressure increase DKP2 is thus activated, it continues to act until it is turned off 
10 again. 

If it is determined in step 27 that fuel-pressure increase DKP2 is deactivated, it is 
ascertained in a step 28 whether coking MV is greater than threshold value S3. If 
this is not the case, the method continues with step 21 without fuel-pressure 
15 increase DKP2 being activated. 

However, if coking MV is greater than threshold value S3, that is to say, greater than 
15%, for instance, fuel-pressure increase DKP2 is activated in a step 29. Given 
activated fuel-pressure increase DKP2, the method is then continued with step 21. 

20 

Fuel-pressure increase DKP2 has the effect that particles that have deposited on 
fuel injector 17 are mechanically acted upon in a continuous manner. For as long as 
coking MV continues to be greater than threshold value S2 nevertheless, 
fuel-pressure increase DKP1 according to steps 21 through 26 is implemented in 
25 addition, so that the pressure acting on the fuel is increased further in this manner. 
This doubly increased pressure acts on coking MV of fuel injector 17 and leads to a 
reduction of coking MV. 

If it is determined in step 27 that fuel-pressure increase DKP2 is activated, it is 
30 ascertained in a step 30 whether coking MV is less than threshold value S2. If this is 
not the case, the method continues with step 21 without fuel-pressure increase 
DKP2 being turned off. In this case the attempt to reduce coking MV therefore 
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continues via the additive linking of first and second fuel-pressure increases DKP1 , 
DKP2. 

However, if coking MV is less than threshold value S2, that is to say, less than 6 %, 
5 for instance, fuel-pressure increase DKP2 will be deactivated again in a step 31 . In 
this case, there is reduced coking MVB, so that the method is able to be continued 
with step 21. 
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In addition, it is possible that, following the activation of fuel-pressure increase DKP2 
in step 29, the described method is not directly continued with step 21 , but that steps 
30 and possibly 31 are run through beforehand. 



